One of the more promising proposals for reforming the federal crop insurance program calls for both premium rates and indemnities to be based not on the producer's individual yield but rather on the aggregate yield of a surrounding area. Area-yield crop insurance can provide more effective yield-loss coverage than individually tailored insurance, without most of the adverse selection and moral hazard problems that have historically undermined the actuarial performance of the federal crop insurance program.
I If government premium subsidies are included in the total premium payment, as is common practice, the loss ratio would be 1.57. Excluding the subsidies, as occurs here, provides a better measure of the current program's failure to operate on an actuarially sound basis. The 0.95 loss ratio target assumes that a loading factor of 5% is sufficient to cover administrative expenses. 2 The Bush administration's 1990 farm bill proposal calls for repeal of the Federal Crop Insurance Program and replacing it with a standing disaster assistance program.
insurance agents and brokers. The 1980 act authorized the Federal Crop Insurance Corporation to subsidize producer premium payments and to reimburse participating private insurance companies for their administrative expenditures and part of their underwriting losses. Federal crop insurance, which is available for over fifty crops, covers all natural risks, including unavoidable losses from drought, excessive rain, and storm damage. An agricultural producer can purchase individualized coverage for either 50%, 65%, or 75% of the normal yield, and at one of three different price elections. If the producer's yield falls below the elected coverage level, he receives, per insured acre, an indemnity equal to the yield shortfall times the elected price level.
The failure of the federal crop insurance program to operate on an actuarially sound basis can be attributed to the problems inherent in trying to tailor coverage to individual yield-loss experience. The most serious of these problems, adverse selection, arises because producers are better informed about the distribution of their own yields and thus are better able to assess the actuarial fairness of their premiums than the insurer, who lacks access to reliable individual yield data and other relevant information (Skees and Reed) . Producers who recognize that their expeeted indemnities exceed their premiums are more likely to purchase coverage than those whose premiums are actuarially high. As a result, the insurer's expected indemnity outlays exceed total premium income, and, in the long run, the insurance operation loses money. Efforts by the insurer to avoid these losses by raising premiums only result in a smaller and more adversely selected pool of participants.
Other problems associatedwith individual-yield crop insurance include high administrative costs and moral hazard. Record keeping and other manpower requirements needed to verify individual production histories and to adjust individual yield-loss claims raise insurer expenditures and impose transactions costs on participating producers. Moral hazard occurs when producers, after purchasing insurance, alter their production practices in a manner that increases their chances of collecting an indemnity (Chambers, Nelson and Loehman) . In order to combat moral hazard, federal crop insurance requires a deductible of at least 25% of the producer's normal yield. This provision limits the coverage provided by the insurance and reduces its value to the individual producer.
Area-Yield Crop Insurance
The fundamental problems that accompany individual-yield crop insurance have been known since the early days of the federal crop insurance program. Halcrow, in his 1949 evaluation of the effectiveness of the federal crop insurance program's first decade of operation, concluded that individual-yield crop insurance "will work in a satisfactory manner only under a system of conditions so exacting in their specification that they will be found to a rather limited extent in American agriculture" (p. 476).
In his paper, Halcrow promoted an alternative crop insurance scheme in which both indemnities and premiums would be based not on a producer's individual yield but rather on the aggregate yield of a surrounding geographical area. Under a so-called area-yield plan, a participating producer would receive, in any given year, an indemnity equal to the difference, if positive, between the area yield and some predetermined critical yield level. Every participating producer in a given area would receive the same indemnity per insured acre, regardless of his own crop yield, and therefore would pay the same premium rate.:' Area-yield crop insurance offers numerous 3 The program examined in this paper should not be confused with the Federal Crop Insurance Corporation's practice prior to 1981 of writing coverage provisions using area yield data while basing indemnities on individual yield experience. We adopt Halcrow's original usage of the term "area-yield" to refer to a program in which coverage, premiums, and indemnities are all based on area yield experience.
advantages over individual-yield crop insurance. Because information regarding the distribution of the area yield is generally available and more reliable than information regarding the distributions of individual yields, insurers could more accurately assess the actuarial fairness of premiums under an area-yield policy, thereby significantly reducing adverse selection problems." Moreover, because the indemnities would be based on the area yield rather than the producer's yield, a producer could not significantly increase his indemnity by unilaterally altering his production practices. Thus, under an areayield insurance program, moral hazard essentially would be eliminated. Administrative costs would also be substantially reduced under an areayield program because claims would not have to be adjusted individually and verification of individual~roduction histories would no longer be required.
In the following sections, a theoretical framework for evaluating the effectiveness and equity of area-yield crop insurance is developed and applied to western Kentucky soybean producers in an empirical illustration. Several questions are addressed: How efficiently, relative to individual-yield crop insurance, does area-yield crop insurance cover individual yield risk? How does the risk reduction effectiveness of area-yield crop insurance vary across producers? How can a producer optimize coverage under an area-yield plan? The article concludes with recommendations on how area-yield crop insurance might be implemented.
Theoretical Analysis
Consider a producer i whose yield Yi is random due to the uncertain effects of weather and other natural phenomena. Suppose the producer operates in an area where the average yield across all farms is y. By orthogonally projecting the producer's individual yield Yi onto the area yield Y, an identity that relates the two is obtained:
Assume that the premium 7T is actuarially fair; that is, it is equal to the expected indemnity Eii. 7 With area-yield crop insurance, the producer's net yield equals Thus, producers with high f3i'S can expect significant reduction in yield risk from purchasing area-yield insurance, whereas those with low f3i'S may actually fmd that area-yield insurance is risk augmenting. A characterization of f3i that is helpful in understanding the significance of the above results is given by
. ov y, n PROPOSITION 1. For a given critical yield yC' the risk reduction obtained by producer i from area-yield insurance is completely determined by, and is positively related to, his individual beta, f3i' It also follows from (12) that:
and substituting (10) into (9), the risk reduction obtained from area-yield insurance can be rewritten as follows:
Assume now that the individual nonsystemic yield component Ei and the area yield Y are conditionally independent (a mild assumption given that they are uncorrelated by definition). Then the individual nonsystemic yield component Ei and the indemnity fi are uncorrelated, and it follows from (1) that where Pi is the coefficient of correlation between producer i's yield Yi and the area yield y. As an
6 Although straightforward, generalizing the model to account for price variation would undermine the clarity of the exposition while providing little additional insight into the structure of area-yield insurance.
7 Assuming that the premium is actuarially fair allows us to evaluate the insurance coverage solely in terms of its variance reduction, provided we further assume, if only as a first-order approximation, that producers are mean-variance utility maximizers. Meyer has shown that mean-variance decision models are consistant with expected-utility maximization under much weaker behavioral restrictions than had previously been thought.
The coefficient f3i measures the sensitivity of the producer's individual yield to the systemic factors that affect the area yield. Equation (1) decomposes individual yield variation into a systemic component f3i' (y -JL) that is perfectly correlated with the area yield and a nonsystemic component E i that is uncorrelated with the area yield.
Suppose that the producer is offered area-yield crop insurance in which the indemnity and the premium are both denominated in production units, say, bushels per acre." The producer purchases coverage at a premium rate of 7T bushels per acre. If the area yield y subsequently falls below a critical yield level yC' he receives an indemnity ii, in bushels per insured acre, equal to the shortfall:
and his yield risk, as measured by the variance of the net yield, equals
where (T~= Var(fi) is the variance of the indemnity. By acquiring area-yield insurance, the producer thus reduces his yield risk by an amount
Substituting (l 0) into (19), the risk reduction can be rewritten more conveniently
Maximizing this expression with respect to the coverage level, it follows that: PROPOSITION 
If the coverage level is optional under an area-yield plan, then producer i minimizes his yield risk by selecting a coverage level
Thus, if the producer is free to choose his coverage level, save that it be positive, he can reduce his yield risk using area-yield insurance if and only if his beta is positive, that is, if and only if his yield is positively correlated with the area yield. In this case, since the critical beta f3e rises with the critical yield Yn the producer's optimal coverage level will fall with the critical yield. Since the critical beta f3e is bounded above by one-half, the producer's optimal coverage level will approach but will never drop below f3i' And thus, since the average f3i is l, one can expect that coverage in excess of 100% will be optimal for a significant portion of, if not most, producers.
It thus follows from proposition 2 that area-yield insurance will be risk reducing for any producer i from whom f3i > 0.5. Since the average f3i within an area is 1, most producers should find area-yield insurance risk reducing. Area-yield insurance is definitively risk augmenting only if f3i ::; 0, that is, only if a producer's yield is negatively correlated with the area yield. If 0 < f3i ::; 0.5, area-yield insurance mayor may not be risk reducing, depending on the critical yield level Ye; the higher the critical yield Yn the more likely that area-yield insurance will be risk reducing.
Until now, we have implicitly assumed that producers cover exactly 100% of their acreage when they purchase crop insurance. Suppose now that producer i is free to elect a coverage level <Pi that may be more or less than 100%. At this coverage level, producer i's net yield is
and the risk reduction obtained from area-yield insurance is
Dividing both sides by (J"~and using (2), it follows that immediate consequence of proposition 1 and (13) To ascertain how the risk reduction obtained from area-yield insurance varies across producers within a given area, we must determine how the f3i are distributed within the area and how the critical f3e varies with the critical yield Ye' Although definitive answers to both of these questions can only be obtained empirically, some light can be shed from theoretical considerations.
Consider first the distribution of the f3i' S. If Wi denotes the proportion of total acreage in the area planted by producer i, then, by definition,
Thus, the acreage weighted average of the f3i within any area is always one. The dispersion of the f3i and the skewness in the their distribution, on the other hand, may vary among regions and ultimately can only be determined empirically. Intuition suggests that the more homogenous are the soil and climatic conditions faced by producers in a given area, the more closely the f3iS will cluster around one.
Under mild regularity conditions, the critical beta f3e is an increasing function of the critical yield Ye.
8 In general, it can be shown that"
(16) 0 ::; f3e ::; 0.5, and (17) lim f3e = 0.0 and lim f3e = 0.5.
Yc-->O
Yc-'+ OO s The regularity condition holds for reasonable parameterizations of the lognormal and beta distributions often used to describe yield distributions and has been verified for the empirical distributions of 1974-86 U.S. soybean yields for all U.s. soybean-producing counties.
9 Formal proofs of (16) and (17) achieves its theoretical minimum of zero and, for sufficiently high critical yields, achieves its theoretical maximum of one-half. Table 1 also shows that the actuarially fair premium under a full coverage area-yield plan (or, equivalently, the expected per-acre indemnity) rises with the critical yield level. For sufficiently low critical yields, area-yield insurance is completely ineffective and the fair premium is zero; for sufficiently high critical yields, a one bushel increase in critical yield simply raises the expected indemnity, and therefore the fair premium, by the same amount.
Table 1 also shows how the optimal level of coverage under an optional area-yield plan varies with the critical yield level. Because the optimal coverage level varies among producers, only the average coverage level across producers is reported. For example, given a critical yield equal to 90% of normal, producers, on average, minimize their yield risk by purchasing coverage for 178% of their acreage. That is, on average, producers minimize their yield risk by purchasing insurance for 78% more acreage than they actually plant. If the critical yield is set too low, area-yield insurance will be ineffective and the optimal coverage level will be zero. If the critical yield is set sufficiently high, the average optimal coverage level will equal 100%. In intermediate cases, the average optimal coverage level exceeds 100% and falls as the critical yield rises. Figure 1 shows the distribution of individual betas for the 102 producers comprising the area
where P is the correlation coefficient between the indemnity ii and the area yield y. Substituting (21) into (20) and solving gives the following result: PROPOSITION 
If the coverage level is optional, then the maximum risk reduction that producer i can obtain from area-yield insurance is
We now illustrate how area-yield crop insurance might perform in practice using individual farmlevel yield data for 102 western Kentucky soybean producers. 10 The producers are assumed to comprise the entire population of the "area" in which area-yield crop insurance is offered. All performance estimates are derived directly frot he empirical yield distributions; a parametnc distribution is not fitted to the data. Table 1 shows how the critical beta for the 102-farm area varies with the level of the critical yield. Critical yields are expressed both in bushels per acre and as a percentage of the normal or expected area-wide yield of 30.7 bushels per acre. As seen in table 1, the critical beta rises as the critical yield is increased. For sufficiently low critical yields, the critical beta population. The distribution of the betas possesses a regular, bell shape which is centered on one and exhibits no discemable skewness. Of the l02 producers in the sample, 5 have betas falling below 0.28, the critical betas for a full coverage area-yield plan with a critical yield equal to 90% of normal; for those individuals, a full coverage area-yield plan would offer no protection against yield risk. Of the 5 producers, however, 4 have positive betas, indicating that they would obtain some yield risk reduction from an area-yield plan if they could select their levels of coverage optimally. II We now tum to a comparison of specific versions of an individual-yield plan (IYP) and full coverage and optimal coverage area-yield plans (AYP). Under the IYP, each producer is assumed to choose a yield guarantee equal to 75% of his normal yield, the highest yield election level available under the current Federal Crop Insurance Program. Under the IYP, whenever a producer's own yield falls below 75% of his normal yield, he receives an indemnity equal to the shortfall.
Under the full coverage AYP, as under the IYP, each producer purchases coverage for exactly lOO% of his acreage. The critical yield under the full coverage AYP is set at 88.5% of the normal area yield, indicating that whenever the area yield falls below 88.5% of normal, each producer, regardless of his own yield, receives an indemnity equal to the shortfall in the area yield. A critical yield of 88.5% assures, though only for the present empirical application, that the fair premium paid by each producer under a full coverage AYP is equal to the average fair premium paid by producers under the 75% IYP.I2 Under the optimal coverage AYP, producers choose their level of coverage and are assumed to do so in a manner that minimizes their yield risk. The critical yield under the optimal coverage AYP is assumed to equal 95% of the normal area yield, indicating that whenever the area yield falls below 95% of normal, each producer, regardless of his own yield, receives an indemnity equal to the shortfall in the area yield times his elected level of coverage. Table 2 shows the actuarially fair premium rates per planted acre under the IYP and the two AYPs for selected producers. 13 Under the IYP, fair premiums are based on individual yield experience and thus vary among producers. Under a full coverage AYP, the premium is based on the area yield experience and thus is the same for all producers. Under both the IYP and full 13 Because of adverse selection and heavy government subsidization, most producers under the current crop insurance program pay premiums that are significantly less than their expected indemnity.
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coverage AYP, the average premium paid by producers is 0.83 bushels per planted acre, about 2.7% of the normal area yield. Under the optional coverage AYP, the optimal level of coverage per planted acre, and thus the fair premium, varies among producers. The average optimal coverage level across producers is 160%; the additional coverage raises the average premium paid by producers to 2.35 bushels per planted acre. Table 3 gives the percentage reduction in individual yield risk for selected producers under the three alternative crop insurance plans. As seen in the table 3, risk reduction is greater, on average, under the optimal coverage AYP than under either the IYP or the full coverage AYP. Under the optimal coverage AYP, the average risk reduction is about 39.1 %. In contrast, the IYP reduces risk by 30.8% on average and the full coverage AYP by 22.4%.
The relative performance of the three pro- grams varies among producers. Table 3 confirms that producers with the highest betas tend to enjoy the greatest relative risk reduction under the optimal AYP, whereas producers with the highest yield variances tend to enjoy the greatest relative risk reduction under the IYP. The correlation coefficient between the risk reduction obtained under the IYP and that obtained under the optimal AYP is only 0.06, indicating little relation between the risk reduction benefits from one program as compared to the other. Both small and large producers will tend to prefer the optimal AYP to the IYP, but the latter appear to enjoy the greatest benefit from moving to the optimal AYP from the IYP. For the largest twenty-three producers, who account for half the acreage planted, the optimal AYP offers an average risk reduction of 40. 1% and the IYP an average of 28.8%. For the smallest seventy-eight producers, the optimal AYP offers an average risk reduction of 37.3% and the IYP an average of 32.7%.
Additional Considerations
Strictly speaking, an AYP is not a true insurance program since payments to producers are not based on their own specific yield losses. Instead, an AYP is more accurately described as a hedging instrument. Specifically, an AYP is like a put option in which the critical yield plays the role of the strike price. More precisely, because each individual's yield is a constituent of the area yield, an AYP offers a hedge against individual yield-loss in the same way that an option on a stock futures index offers a hedge against the price risk of holding one of the stocks in the index. 14 While characterizing the AYP as a hedging 14 With slight modification, many of the results in this paper generalize to crop insurance schemes in which indemnities are based on weather variables such as rainfall or temperature. Such schemes have been proposed in the past (Sanderson, Lee) but have failed to gain acceptance among policy makers.
at Dalhousie University on November 10, 2014 http://ajae.oxfordjournals.org/ Downloaded from instrument helps put the form and function of the AYP into perspective, it also points to some difficulties that may arise in having the program accepted by producers. Given that producers are notorious for shunning options and futures markets as means of hedging price risk, it is likely that an AYP would not automatically enjoy widespread acceptance among producers as a means of hedging yield risk. Ultimately, to achieve high rates of participation, AYPs may have to be subsidized or made a cross-compliance provision of government commodity stabilization programs.
Should producers be free to select their coverage levels under an AYP, and how high should the critical yield level be set? These two important questions regarding the implementation of an AYP are closely related. Under an IYP, a deductible, or equivalently, a yield guarantee well below the producer's normal yield, is necessary to guard against the moral hazard; for the same reason, coverage levels exceeding 100% of acreage planted cannot be permitted. Under an AYP, however, moral hazard is essentially eliminated; only through illegal and widespread collusive action by producers could the area yield be significantly reduced. IS Accordingly, optional coverage levels and high critical yields are feasible under an AYP. Since, as shown above, producers can reduce yield risk by choosing coverage levels in excess of 100%, it seems sensible that coverage levels be optional under an AYP. In addition, because the risk reduction under an optimal AYP rises for all individuals as the critical yield is increased, a high critical yield level is indicated.
The higher premiums that producers would pay under an AYP for increased coverage and a higher critical yield need not be a major concern to producers: if the premium is actuarially fair, then producers can expect to recover the higher premium through higher indemnities while enjoying the benefits of reduced yield risk. There are, however, some potential problems that the government may face if critical yield levels are high and optional coverage is permitted under an AYP. First, coverage levels in excess of 100% and critical yields in excess of the normal yield would be difficult to rationalize politically, particularly if the AYP is promoted as an insurance program. Second, higher critical yields and cov-15 A collusive arrangement would be difficult to sustain since a noncolluding producer could maximize his individual yield and still obtain the benefits of the higher indemnity brought about by the actions of the colluding producers.
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erage levels would raise the level and variability of total indemnity outlays. Thus, whether the government acts as a direct insurer or reinsurer, substantial yield risk could ultimately be transferred to the government, raising the variability of federal budgetary outlays.
Risk reduction under an optimal AYP varies among producers, raising questions about the equity of such a program. Recall, however, that an optimal coverage AYP would reduce systemic yield risk in the same proportion for all producers. If areas are defined so as to be homogenous with regard to soil and climatic conditions, then nonsystemic yield risk would be attributable almost exclusively to producer-specific factors such as choice of production practice. It is arguable, therefore, that the proper goal for a government crop insurance program should be the reduction of systemic risk, not total risk; otherwise, the program would promote a misallocation of societal resources by encouraging risky production. Thus, if areas are properly defined, an optimal coverage AYP will be equitable in a socially meaningful way.
Because of the abundance of reliable historical yield data and the pre-existence of administrative structures, the most practical definition of area under an AYP will likely be the county. If the AYP is administered on a county basis, the maximum efficacy and equity of the AYP will be achieved in counties that are homogenous with regard to soil and climate. In some regions, however, area boundaries that cut across established county lines may be needed for the AYP to function well. Regardless of how areas are determined, however, it is conceivable that some producers will find the yield of an adjacent area more representative of their own individual yields. In such cases, the producers would improve their coverage by participating in the AYP of the adjacent area and thus should not be discouraged from doing so.
Concluding Comments
An individual producer's total yield risk can be decomposed into a systemic component that is explained by factors affecting all producers in his area and a nonsystemic residual component. Individual-yield crop insurance, such as the one currently underwritten by the federal government, covers total individual yield risk but is limited in its effectiveness by the large deductibles that must be imposed in order to combat moral hazard. Area-yield crop insurance would at Dalhousie University on November 10, 2014 http://ajae.oxfordjournals.org/ Downloaded from cover only systemic individual yield risk but would also be free of moral hazard and thus would not require large deductibles or limits on coverage levels. For most producers, the improved coverage of systemic yield risk obtained through lower deductibles and higher coverage under an area-yield plan would outweigh the nonsystemic yield risk protection provided by an individual-yield plan. That is, for most producers, area-yield insurance would provide better overall yield risk protection than individualyield insurance.
Because information pertaining to the distribution of an area yield is not privately held and is generally available, the asymmetric information problems that have given rise to adverse selection under the current federal crop insurance program would be significantly reduced under an area-yield program. The reduction of adverse selection and the virtual elimination of moral hazard would significantly improve the actuarial performance of the federal crop insurance program. Moreover, because verification of individual production histories and adjustment of individual yield-loss claims would not be necessary under an area-yield program, an area-yield crop insurance program would be less expensive to administer.
The evidence presented in this paper suggests that area-yield crop insurance should receive serious consideration as an alternative to the current crop insurance program. At the very least, area-yield crop insurance should be examined on an experimental basis with long-term pilot programs established for regions where tradiAmer. J. Agr. Econ. tional crop insurance has historically performed poorly.
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